The development and growth of the female Argyrotaenia velutinana (Walker) (Lepidoptera: Tortricidae) sex pheromone gland was followed through pupal and adult stages by morphological, histological, and ultrastructural studies. Periods of development include (1) the reorganization of the pupal caudal end within 60 h after the larval-pupal moult, (2) differentiation of the pheromone gland in 3-day-old pupae, (3) growth into columnar cells with basal nuclei in 4-, to 6-day-old pupae, (4) maturation to tall columnar cells with centrally located nuclei and vacuolated basal cytoplasm in 2-, to 3-day old adults, and (5) stabilization with no detectable deterioration in 6-, to 7-day-old adults.
The redbanded leafroller moth, Argyrotaenia velutinana (Walker), uses a blend of sex pheromone components [(Z)-ll and (-E)-ll-tetradecenyl acetates (92:8) and dodecyl acetate] (Roelofs et al. 1975 ) that are common to several sympatric tortricid species (Carde et al. 1977 , and references therein). Pheromone specificity among several of these species is maintained by the use of various specific blends of the tetradecenyl acetates. Not much information is available on the biosynthesis of these components or on the processes that precisely regulate the blend ratios. To provide a basis for research with A. velutinana on these problems, we have conducted a detailed study on the development of the female pheromone gland. The corresponding quantity and ratio of pheromone components have been correlated with the structural changes in the pheromone gland cells (Miller and Roelofs 1977) . This paper reports the morphological aspects of this study.
MATERIALS AND METHODS
A. velutinana were reared on fava bean plants in the greenhouse (Glass and Hervey 1962) . Fourth or 5th instars were collected and reared in plastic boxes on fava bean leaves. Pupal initiation was determined by checking the insects at 4-h intervals and marking the new pupae as 0-4 h old. Newly-formed green, untanned pupae were marked as 1 h old. Female pupae were placed in a rearing chamber with a constant temperature of 26.5±1°C, RH of 60-70% and a 17:7 light :dark photoperiod regime. The pupal stage lasted ca. 6-7 days.
Pupae 24 h old were removed from the chamber and fixed at 12-h intervals, except for 48-, to 60-hold pupae, which were fixed every 2 h. Female [Vol. 70, no. 5 organs were removed during the initial fixation to increase penetration of the fixatives. Specimens were fixed for 6 h (including 1 h under reduced pressure), postfixed for 2 h in osmium tetroxide, dehydrated with ethanol, and infiltrated and embedded with epoxy resin according to Spurr (1968) . Sections were cut with a glass knife on a Porter-Blum MT-2 ultramicrotome, stained with 20% uranyl acetate in absolute methanol for 8-10 min, and then stained with either Reynold's (1963) or Venable and Coggeshall's (1968) lead citrate solutions for 5-10 min or 1-2 min, respectively. A Joelco JEM 100B electron microscope (60 kv) was used to examine the sections and produce the electron micrographs.
RESULTS
Morphology.-The A. velutinana pupa is obtect, with the appendages "glued" to the body. Four h after the larval-pupal ecdysis, 6 distinct external abdominal segments plus a cone-shaped terminal segment were visible on the tanned female pupa (Fig.  1) . This cone-shaped terminal segment, named the immobile segment, results from a fusion of the last 6ab FIG. 1.-Lateral view of a 72-h-old A. velutinana pupa, showing external segmentation of the abdomen, from 1st abdominal segment (1 ab) to the 6th (6 ab) ; each segment is connected with an intersegmental membrane (im). Terminal segments (ts) are sclerotized and fused together with few indentations showing on pupal surface. Laterial views with pupal cuticle removed from 6th abdominal segment posteriorly at various ages show grooves (gr), a caudal projection (pj), epidermis (epd), pupal cuticle (pet), and papillae anales (pa). 4 larval segments (7th, 8th, 9th, and 10th). Although development occurs as a continuous process with individual variations, it can arbitrarily be divided into stages (Fig. 1) .
Twenty-four to 36 h after the larval-pupal ecdysis, a large undifferentiated mass of tissue covered with a layer of epidermis still attached to the pupal cuticle can be seen at the posterior end of the pupa upon careful removal of the pupal cuticle ( Fig. 2A) . Though a few circular grooves (gr) appear on the surface of the epidermis, they are less distinct dorsally than ventrally. Three distinct "openings" are visible along the mid-ventral line although they are not very evident in Fig. 2A . From anterior to posterior these orifices indicate the initial appearance of the copulatory (ob), oviporal (ov), and anal openings (ao), respectively. The most terminal opening (ao) is larger than the other 2 and has a string-like tissue connecting it to the pupal cuticle. Strong adhesion of the epidermis to the pupal cuticle in 24-, to 36-h-old pupae made good dissections difficult.
Separation of the developing adult epidermis from the pupal cuticle was easier with 48-, to 50-h-old pupae (Figs. 1, 2B ). There was some cephalad retraction of the terminal epidermis and other associated pupal tissue that effected the formation of a deep groove around the anterior one-third of the caudal terminal segment. The groove demarcates the 1st segment posterior to the 6th abdominal segment in the pupa, making it equivalent to the adult's 7th segment. Posterior to this groove, a 2nd groove separates the 8th segment from the remaining terminal tissue, which now appears as a tapered, fingerlike projection (0.63 mm long).
In 50-, to 54-h-old pupae (Fig. 2C) , the 1st and 2nd grooves are much deeper due to further cephalad retraction of the caudal tissue. The 7th pupal segment is 1.26 mm in diam and 0.60 mm in length (mean of 5 specimens). The 8th segment has a diam of 0.60 mm with a length of 0.30 mm. The last segment's diam is 0.33 mm and its length shortened within a few h to 0.36 mm. Meanwhile, the ventral tissue of the projection (pj) underwent further reorganization and the ovipositor (pa) began to develop and take shape as 2 little pads or lobes.
There is little change in the 7th segment of a 54-, to 58-h-old pupa (Fig. 2D) . The 8th segment is reduced to a diam of 0.52 mm and a length of 0.22 mm, because the 8th abdominal segment initiated [Vol. 70, no. 5 its cephalad retraction into the 7th abdominal segment. The caudal projection (pj) is no longer prominent, but appears as a little knob measuring 0.13 mm in diam and 0.13 mm in length. It projects beneath the 8th segment and above and between the 2 ovipositor pads (pa) that are 0.26 mm long at this stage.
In 60-, to 64-h-old pupae (Fig. 2E) , there is no change in the size of the 7th segment; however, the 8th segment is further reduced to a diam of 0.37 mm and a length of 0.14 mm. The projection has disappeared and the tissue between the 8th segment and the ovipositor pads is flat. The 2 ovipositor lobes have extended to a length of 0.30 mm and appear as thick pads with round ends. Very minute scales cover the entire epidermis of the 7th segment.
In the 72-h-old pupa ( Fig. 1) , the 7th segment has not changed morphologically, but the scales on it are much longer (0.27 mm). The 8th segment is reduced to its smallest size (0.31 mm diam and 0.12 mm length), whereas the ovipositor lobes (pa) are larger (0.35 mm long), thinner, and each possesses 2 pointed ends.
In 4-, to 5-day-old pupae, the 8th segment enlarges (0.42 mm diam and 0.15 mm long) and the ovipositor lobes become flatter and longer (0.51 mm) (Fig. 1 ). The scales (sc) at the edge of the 7th segment are thin and longer (0.51 mm).
The 5-, to 6-day-old pupae ( Fig. 2F ), and the 6-, to 7-day-old pupae (0.1 day before emergence) showed no change in the size of either the segments or the ovipositor lobes. The scales were tanned a darker color and the 8th tergum and the ovipositor lobes gradually sclerotized.
During the development of the pupal stage, there was no external indication of the developing sex pheromone gland on the dosal side between segments 8 and 9. The intersegmental fold was too deep for any change in the tissue to be seen.
Histology.-Twenty-four h after the larval-pupal ecdysis, A. velutinana pupae have elongated epidermal cells (epd) in contrast to the squamous intermoult epidermal cells (Wigglesworth 1959) . The nucleus of each cell is oblong and cytoplasm is basophilic, staining bluish-purple with hematoxylin and eosin. One layer of cells is attached to the thick pupal cuticle (Fig. 3A, pet) . At the slender caudal end, the pupal body cavity is filled with hemolymph (hi) and a few free cells. Most of these hemocytes are spindle-shaped. A few tracheae (tr) are present.
Approximately 48 h after pupation, apolysis posterior to the 6th segment is evident as epidermal cells become detached from the pupal cuticle. The layer of cells is invaginated in a few places on the dorsal side of pupa (Fig. 3B , fd) producing 2 folds that demarcate the 7th and 8th segments. The caudal portion appears as a long, slender finger-like structure. At the center of thic caudal projection, many spindle-shaped blood cells have accumulated in the hemocoel and at its tip; hemocytes and epidermal cells are breaking down into a mass. Chromatin granules (eg) of various sizes are found intracellularly and intercellularly among the epidermal cells of the terminal region. They appear as bluishpurple granules when stained with hematoxylin and eosin and as red granules when stained with Mallory's triple stain. These granules indicate that histolysis is taking place in the epidermal cells during the reorganization of the terminal segments and the formation of the external genitalia.
A tremendous reorganization of the terminal tissue takes place in 50-, to 54-h-old pupae (Fig. 3C) . Telescoping of the caudal end of the pupa continues, resulting in considerable cephalad retraction of the 7th and 8th abdominal segments. The epithelium in most of the 7th abdominal segment acquires a squamous appearance, except at the caudal extremity (in the region of the intersegmental fold), which appears compact. Cells forming the epidermis of the 8th abdominal segment are all columnar and have a basophilic cytoplasm. Histolysis of some of the caudal projection cells continues to give rise to blood cells (be), cell debris, and fat tissue (ft) in the hemocoel of the projection. Chromatin granules (eg) also are abundant. Additionally, lateroventral differentiation of a pair of anal papillae is evident at the base of the newly-modified caudal projection.
The intersegmental fold between the 8th and 9th segments of 54-, to 58-h-old pupae is deeply invaginated dorsally in conjunction with an extensive proliferation of epithelial tissue (Fig. 3D) . The terminal projection is almost completely retracted into the midcaudal region of the 9th abdominal dorsum and forms a dorsal cell mass from which cellular material continues to migrate into the hemocoel (ho).
The process of epidermal retraction of the terminal projection into the 9th segment was complete in 60-, to 64-h-old pupae (Fig. 4A) . The epidermal tissue accumulating at the periphery of the fold between the 8th and terminal segment consists chiefly of columnar cells with oval-shaped nuclei and basophilic cytoplasm. In the central dorsum of the 9th segment (ts), however, a few cells (cm) still had not completed their inward migration.
Differentiation of the sex pheromone gland occurred in the period from 60-72 h after pupation. The intersegmental tissue (Fig. 4B, iv) between the 8th and terminal segments is invaginated into the hemocoel and reaches inward more than half the length of the 8th segment. The epidermal tissue of this convoluted intersegmental fold is enlarged and exhibits prominent nuclei. At the dorsal surface of the fold (im), the cell,boundaries remain indistinct. The epidermal cells (epd) of the 8th segment change from a columnar to a cuboidal shape. No cuticular layer was detected in the paraffin preparations.
Between 72-84 h after the larval-pupal moult, the intersegmental fold (Fig. 4C, iv) between the 8th and terminal segments invaginates considerably further into the body cavity, and becomes much more convoluted. The epidermal cells orient in a line at the periphery of the fold, appearing as a layer of simple cuboidal epithelium in histological preparations. The cells have basally located nuclei, distinct , stained (hematoxylin and eosin) paraffin sections of female A. vehitinana pupae of various ages, ao = anal opening; as = anal strand; be = blood cell; eg = chromatin granule; cl = columnar epithelium; cm = cell mass; DL = dorsal; fd = folds; ft = fat body, hi = hemolymph; ho = hemocoel; VL = ventral.
cell membranes, and increased cytoplasm, which stains lighter in the apical region than that in the basal portion. A very thin cuticle (ct) begins to form on the outer uneven surface of this epithelial tissue.
In the 4-, 5-day-old pupa, a prominent wavy cuticle is visible on the surface of the 8th-9th intersegmental tissue (Fig. 4D, iv) . Its cells are still cuboidal (height 16-18 M), with little increase in size, and exhibit 8-10 fi basal nuclei. During the next 24 h of pupal development, the epidermal cells in the fold (Fig. 4E, iv) between the 8th and 9th abdominal segments appear to decrease in height (height 12-14 fi) as the cuticular layer (ct) develops above them with prominent cuticular processes. Thin endocuticle is laid down, appearing blue with Mallory's triple stain. The cuticular (ct) layer appears separated from the epidermal cells in Fig. 4E due to a fixation artifact. The 8th tergum (8 at) clearly is evident at this stage, and the epidermal tissue beneath it becomes a squamous epithelium.
In the 6-, to 7-day-old pupa (one day before emergence) the incipient intersegmental glandular cells (Fig. 4F, spg) increase in height, and become columnar (height 20-30 fi, width 8-10 fi, and cuticle thickness 2-4 fi). The nuclei still lie basally, and very few vacuoles are visible in the cytoplasm.
The pheromone-secreting glandular epithelium (spg) of the newly emerged female adult (0-1 h after emergence) appears similar to that of 6-, to-7-day-old pupa in size. It is composed of columnar cells (height 20-30 fi, width 8-10 n, and cuticle thickness 2-4 /A) with basally located nuclei (Fig. 5A, n) .
Within the next 24 h, the glandular cells enlarge to 36 /x in height, although the height varies considerably. Nuclei (Fig. 5B , n, 12-h-old adult), surrounded by some vacuoles (vo), migrate slightly inward from their original basal positions in the cells. The glandular cells continue to enlarge and reach a maximum size when the females are 2-3 days old. No differences in cell size were observed among older adults, although the nuclei (n) are centrally located, and the cytoplasm is more vacuolated (Fig.  5C) .
infrastructure.-Electron microscopy also shows that the epidermal cells between the 8th segment and terminal segments are changed from simple cuboidal epithelial cells in the 3-, to 4-day-old pupa ( Fig. 6A) to a simple columnar epithelium in the 6-, to 7-dayold pupa (0-1 day before emergence) (Fig. 6B) . The adult pheromone-secreting glandular cells also are simple columnar epithelial cells, although they have increased in height (Fig. 6C) .
Throughout pupal development, the basal plasma membrane (pm), which is attached to the basement membrane (bm), appears more convoluted than in the adult (Fig. 7) . The intercellular spaces (Fig.  7B, is) Fig. 3) showing columnar glandular cells (cl), basal nuclei (n), and a few vacuoles (vo) in the cytoplasm of young adults, and centrally located nuclei and highly vacuolated cytoplasm of older adults.
is reduced as development progresses, resulting in the occurrence of closely associated cell membranes in the mature adult (Fig. 8B, cb) .
The nuclei (n) change from oval in the pupa (Fig. 6B) to irregularly shaped in the adult (Fig.  6C ). In the early pupal stage (3-4 days after pupation) some large interspaces (Fig. 7A, arrows) between the 2 nuclear membranes (nm) are observed and may ribosome (r) particles are attached to the outer nuclear membrane (nm).
There is considerable decrease in the amount of granular endoplasmic reticulum (ger), the membrane that carries ribosome granules, during the development of the pupa. Sections of 3-, to 4-day-old pupa frequently exhibit well-aligned long cisternae of the granular endoplasmic reticulum (Fig. 7A, ger) . These were less common in the older pupae and were not found in the adults. Smooth endoplasmic reticulum (Fig. 8A, er) becomes progressively more visible and is abundant in the adult. A considerable number of free ribosomes (r) are found dispersed in the cytoplasm of all ages.
Some microtubules (Fig. 8A, mt) occur in 1-dayold adults, but they are more abundant in older adults (6-, to 7-day-old adults, Fig. 8B ). They are visible near cell boundaries (cb), as well as further inside the cystoplasm, but are rarely observed in the early stages (3-4 days after pupation).
The number and size of mitochondria increase progressively during pupal development, with more and larger mitochondria (m) occurring in the adult. Sections of 6-, to 7-day-old adults show many long rod-shaped mitochondria ( Fig. 8B, m) near the apex of the cell and aligned perpendicularly to its surface.
Lipid droplets cannot be seen in the 3-, to 4-dayold pupa, and pupae just prior to emergence exhibit only a few small lipid droplets near the nucleus. After moth emergence, the number and size of lipid droplets increase rapidly. In the 0-, to 1-day-old adult, several medium-sized lipid droplets accumulate at the base of the glandular cells (Fig. 7C) . In older adults (3-4 and 6-7 days after emergence) lipid droplets (Fig. 9, lp) are abundant in the basal half of the cell. The vacuoles in the oldest moths (9B) appear to be empty.
The progressive infolding of the apical cell membrane coincides with the development of the glandular cell through the pupal and adult stages. In the early pupal stage (3-4 day), the presence of a convoluted border is just recognizable and the folds of the membranes are arranged rather loosely (Fig. 10A,  af) . In pupae one day before emergence, the apical membrane folds (af) are deeper toward the matrix of the cytoplasm and the intervals between the folds are reduced (Fig. 10B) . After the adult emerges, the convoluted borders become deeper and the interspaces narrower (Fig. IOC) . In later adult stages, the apical membranes are closely folded against each other with very narrow interspaces (Fig. 10D) . Though the endocuticular layer increases in depth throughout pupal development, the epicuticle appears to have the same thickness in all stages studied. Pore canals (pc) are visible throughout pupal and adult development.
DISCUSSION
The female sex pheromone gland of A. vclutinana is located dorsally between the 8th and terminal abdominal segments, 4 similar to that of other tortricids (George 1965 , Barnes et al. 1966 , Roelofs and Feng. 1968 , Sanders 1969 , Bronskill 1970 .-Electron micrograph of adult female A. velutinana sex pheromone grandular cells. With 0-, to 1-day-old adults (A), 2 cells are shown, separated by cell boundaries (cb), and exhibiting microtubules (mt) in cross section, smooth endoplasmic reticulum (er) and free ribosomes. Cells of 6-, to 7-day-old adults (B) show desmosomes (ds), microtubules, and elongated mitochondria (m) near the apex of the cell. Percy 1970, Percy and Weatherston 1971) . Development of this gland through the pupal and adult stages can be separated into several major periods, such as (1) the reorganization of the pupal caudal end, (2) formation of the pheromone gland, (3) Reorganization of the pupal caudal end is completed in 60 h after the larval-pupal moult. In 24-h-old pupae, the epidermis is still attached to the pupal cuticle, with no significant segmentation observable morphologically and histologically posterior to the 6th abdominal segment. Forty-eight h after the larval-pupal moult, 2 grooves on the epidermal   FIG. 6-7 .-Electron micrographs of female A. velutinana sex pheromone glandular cells. A 3-, to 4-day-old pupa (6A) has simple cuboidal epithelial cells between the 8th and terminal segments. Cell lines are indicated by arrows. Basement membrane (bm) separates cells from hemolymph (hi). At higher magnification (7A), it shows a convoluted basal plasma membrane (pm), a wide intercellular space (is) between adjacent lateral cell boundaries (cb) and abundant ribosome-studded endoplasmic reticulum (ger). Ribosomes (r) are attached to the outer nuclear membrane (nm) which in some places (arrows) bulge away from the inner nuclear membrane. A 6-, to 7-day-old pupa (6B) has simple columnar eipthelial cells with an oval nucleus (n) between the 8th and terminal segments. At higher magnification (7B), it shows a convoluted basal membrane, large intercellular spaces, less granular endoplasmic reticulum, and more free ribosomes and smooth endoplasmic reticulum (er) in the matrix of the cytoplasm. Nuclear pores (np) (arrow) are evident. In a 1-day-old adult pheromone gland (6C), the nucleus is irregularly shaped and several lipid droplets (lp) are present in the cytoplasm. The cell (7C) also shows reduced intercellular spaces, a few lipid droplets (lp), and abundant ribosomes free from the endoplasmic reticulum system. In a 3-, to 4-day-old pupa (A), apical folds (af) of plasma membrane are just recognizable under cuticular layer (ct). There also is evidence of pore canals (pc). In a 6-, to 7-day-old pupa (B), apical folds are narrower and deeper towards the cytoplasm. In a 0-, to 1-day-old adult (C), convoluted border (af) beneath the thick endocuticle (enc) is further deepened, although intercellular spaces (is) are visible between plasma membranes. In a 6-, to 7-day-old adult (D), the apical membranes are closely folded against each other; electron dense and lucid materials (arrows) are visible within the infoldings.
tissue of the pupal caudal end appear, due to the retraction of the abdominal epidermal tissue. These grooves demarcate the 7th and 8th segments and leave the terminal caudal end as a finger-like projection. The caudal projection reduces its size as the epidermal cells retract and migrate toward the hemocoel-some are broken down and removed in the hemolymph. Sixty h after larval-pupal moult, the caudal projection is entirely withdrawn under the 8th abdominal segment and becomes flattened tissue between the 8th abdominal segment and the newlyformed papillae anales.
Differentiation of the sex pheromone gland begins in the 72-h-old pupa (3 days after larval-pupal moult) on the dorsal intersegmental epithelium between the 8th and terminal segments. The intersegmental fold becomes convoluted and invaginates cephalad. Eighty-four h after pupation, the invagination appears as a layer of simple cuboidal epithelium with a thin cuticle laid on the apical surface.
The ultrastructural study at this stage shows that (1) the cuboidal epithelial cells have much granular endoplasmic reticulum in the cytoplasm, (2) the basal plasma membrane is more convoluted than in the adult cells, (3) there are large intercellular spaces between the cells, and (4) apical plasma membrane infolding is just recognizable under the cuticle. The slightly infolded plasma membrane adjacent to the hemocoel is analogous to the infoldings in many vertebrate cells (Diamond and Tormey 1966) ; they are associated with the active transport of solids and water from the hemolymph into the cell. The large intercellular spaces in the pupal stage are similar to those found in B. mori (Steinbrecht 1964 ) and postulated by Locke and Collins (1968) in a fat body study to be involved in protein accumulation. During pupal development, the accumulated protein may pass from the infolded spaces into the cells to supply the components for proteineous cuticle formation.
From 4 days after pupation until the emergence of the adult (6V2 days), the epithelial cells grow into columnar cells with basal nuclei and a thicker, more prominent cuticle layer at the apex. Ultrastructurally, the amount of granular endoplasmic reticulum decreases, while the more free or detached ribosomes are dispersed in the matrix of the cytoplasm.
Pheromone was detected first in pupae 1 day preeclosion. In the 1st 4 days following adult emergence, the pheromone titer increased at a rate of 18 ng/ gland/day to a maximum of ca. 80 ng/gland (Miller and Roelofs 1977) , and the Z/E pheromone component ratio remained constant at ca. 92:8. Pheromone production was coincident with the growth period of the pheromone gland, as the cells reached their maximum size 2-3 days after emergence. Mature gland cells become columnar with centrally located nuclei and vacuolated basal cytoplasm, which probably represents the accumulation of the lipid droplets at the base of the cell. Tremendous increases of agranular endoplasmic reticulum in adult pheromone glandular cells suggest that it may be involved in the production of the pheromone components (see discussions in Percy 1974 Percy , 1975 .
The adult gland cells are stabilized 2 days after emergence. No ultrastructural deterioration, as noted in 3-day-old Bombyx mori pheromone glands (Waku and Sumimoto 1969) , has been observed in the cells of 6-, to 7-day-old adult A. velutinana, although elongated mitochondria, bundled microtubules, and numerous vacuoles are visible in those cells.
In general, the processes involved in the development and growth of the A. velutinana pheromone gland are similar to those reported for other Lepidoptera (Steinbrecht 1964a ,b, Jefferson et al. 1966 , White et al. 1973 , Percy 1974 , 1975 ." Pheromone production is closely linked to the growth of the glandular cells, in particular to the appearance and proliferation of agranular endoplasmic reticulum. We hope that further research will provide more direct information on the bio-synthetic pathways for pheromone components and on the regulatory processes for maintaining precise component ratios.
